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(57) ABSTRACT

A battery level indicator 1s provided 1n a mobile phone,
which 1s equipped with a communication mode and a
standby mode where the current drawn from the battery 1s
different, to display the level of the battery that powers the
mobile phone. The battery level indicator includes a battery
voltage measuring unit, a correction unit, a level determin-
ing unit and a liquid crystal display. The battery voltage
measuring unit measures the voltage of the battery at regular
intervals, such as every 0.5 seconds. The correcting unit
corrects voltage measurements obtained during communi-
cation mode by adding correction values specified using a
correction value table. The level determining unit calculates
an average for voltage measurements, which have been
corrected as necessary, produced during a preceding period
such as fifteen seconds. This average may be calculated
every second, for example. The level determining unit
compares the average with a level table that associates
voltages during standby mode with nofification levels and
determines the appropriate notification level. The liquid
crystal display displays a symbol that represents the deter-
mined notification level.

12 Claims, 7 Drawing Sheets
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FI1G.4

TEMPERATURE | MEASURED VALUE CORRECTION
OF BATTERY VOLTAGE [VALUE
)

OR ABOVE
3.59V~3.61V 0.12V

3.92V~3.58V 0.11V
3.51V OR BELOW 0.12V

0.7V
OR ABOVE 0.22V

3.30V OR BELOW 0.27V

—He 0.28V

3.12V OR BELOW 0.11V
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FIG. 6

BATTERY VOLTAGE
OBTAINING PROCEDURE

5501
BATTERY VOLTAGE SAMPLED

5502
no

IS PHONE IN
COMMUNICATION
MODE ?

yes

CORRECTION VALUE ADDED
TO MEASURED BATTERY VOLTAGE

5903

_ 5504
BATTERY VOLTAGE STORED

END OF BATTERY VOLTAGE
OBTAINING PROCEDURE
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FIG. 7

BATTERY LEVEL
DISPLAY PROCEDURE

AVERAGE VALUE CALCULATED
FOR THIRTY VOLTAGE
MEASUREMENTS

So11

S912

AVERAGE COMPARED WITH LEVEL
TABLE TO FIND APPROPRIATE
NOTIFICATION LEVEL

S513
IS DETERMINED
NOTIFICATION LEVEL LOWER Nno
THAN PRESENT NOTIFICATION
LEVEL ?

5514
yes
DETERMINED NOTIFICATION
LEVEL STORED AS PRESENT
NOTIFICATION LEVEL
5315

APPROPRIATE DISPLAY SYMBOL

DISPLAYED FOR PRESENT
NOTIFICATION LEVEL

END OF BATTERY LEVEL
DISPLAY PROCEDURE
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BATTERY LEVEL INDICATOR FOR A
TELEPHONE SET

This application 1s based on an application No.
11-278642 filed 1n Japan, the content of which 1s hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a technology for measur-
ing the level of a battery used as a power source of a
telephone set and for informing the user of this level.

(2) Description of the Prior Art

Most mobile phones are equipped with a battery level
indicator. A battery level indicator measures the remaining
charge (hereafter “level”) of the battery used to power the
phone and displays one of a plurality of notification levels,
such as “high”, “low” or “very low”, on an LCD (Liquid
Crystal Display) or other display means. On being informed
of the present battery level 1n this way, the user can proceed
to recharge the battery when necessary. As representative
examples, lithium 1on secondary cells, nickel hydroxide
secondary cells and nickel-cadmium cells are used to power
mobile phones.

Through microcomputer control, a battery level indicator
samples the battery voltage at predetermined intervals and
judges which of the nofification levels corresponds to the
average ol the sampled voltages. The notification levels
correspond to different ranges of voltages that are demar-
cated by threshold values. The judgment as to the appropri-
ate nofification level may be performed at 1.0-second
intervals, while the average may be calculated for thirty
sampled values that are obtained at 0.5-second intervals. An
average value for the battery voltage 1s used to remove the
cfiects of momentary fluctuations 1n battery voltage. Such
fluctuations occur due to changes 1n the power consumed by
the various transmission and reception circuits due to factors
such as whether communication 1s taking place.

Assume that a mobile phone operates mm one of two
modes: standby mode and communication mode. When the
mobile phone 1s 1nvestigated separately during standby
mode and during communication mode, the current drawn
from the battery can be seen to be low during standby mode
but higher during communication mode. When a high cur-
rent 1s drawn from the battery, there 1s a drop 1n the sampled
battery voltage due to the internal resistance of the battery.

To remove the effects of the internal resistance of the
battery and display the battery level correctly, the notifica-
fion levels need to be associated with different voltage
ranges (1.e. different threshold values need to be used)
depending on whether the mobile phone 1s 1 standby mode
Or 1n communication mode.

FIG. 1 shows the threshold values for the sampled value
of the battery voltage that are used for each notification
level.

In the 1llustrated example, the battery level 1s shown as
one of five notification levels.

In FIG. 1, different threshold values are also set for the
same notification level depending on temperature. This

drawing also shows the actual symbols used to display each
notification level.

A conventional battery level indicator uses threshold
values like those shown in FIG. 1 to determine which
notification level corresponds to the average taken for the
sampled battery voltages. The battery level indicator then
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2

has the corresponding notification level displayed on an
LCD or the like.

A conventional battery level indicator considers any
increase 1n the battery level that occurs when the battery 1s
not being recharged to be unnatural, and 1s designed so that
the nofification level will not be switched to a higher battery
level unless the battery 1s being recharged.

When determining the appropriate noftification level, a
conventional battery level indicator uses an average calcu-
lated for sampled values of the battery voltage. Unless
special control 1s performed, there 1s the problem that a
lower display value will be displayed immediately after the
phone switches from communication mode to standby
mode.

In more detail, when the mode switches m this way, the
pertod during which the battery voltage 1s sampled will
include both values measured during communication mode
and values measured during standby mode. If the average of
these values 1s compared with the threshold values used
during standby mode, a lower display value will end up
being displayed to the user.

This problem 1s caused by the sampled values measured
during communication mode being lower than the sampled
values measured during standby mode. This lowers the
average of the sampled battery voltage. If this lowered
average 1s compared with the thresholds used for determin-
ing the notification level 1 standby mode, the device will
choose a notification level that represents a lower level than
the actual level of the battery.

In a battery level indicator that 1s designed not to select a
higher notification level unless the battery 1s being
recharged, any switch that lowers the nofification level
cannot be reversed. This means that the notification level
will continue to be displayed incorrectly, exacerbating the
above problem.

The following describes one example of the above prob-
lem using specific values.

FIG. 2 shows the battery voltage before and after a mobile
phone switches from communication mode to standby
mode.

As shown 1n the drawing, the battery voltage 1s around
3.63V during communication mode and around 3.76V 10
seconds or so after the switch to standby mode. When five
notification levels are provided for the case where the
temperature is 6° C. or above, the battery level will be
displayed as level 4 during communication mode and will
remain at level 4 after some time has passed following the
switch to standby mode.

However, immediately after the switch to standby mode,
such as one second after, the average for the sampled values
of the battery voltage that have been obtained in the pre-
ceding fifteen seconds 1s a low value, such as around 3.64V,
due to the presence of values measured during communica-
tion mode. If the same criteria are used to determine the
notification level, level 2 will be selected. As a result, the
display value will switch from level 4 to level 2 after the end
of the communication. When the limitation that prevents the
notification level from switching to a higher level 1is
operational, the notification level 2 will continue to be
displayed until the battery is recharged.

SUMMARY OF THE INVENTION

In view of the stated problem, it 1s an object of the present
invention to provide a battery level indicating apparatus that
determines a notification level using an average for sampled
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values of the battery voltage, like a conventional apparatus,
but does not mistakenly underestimate the battery level after
a switch from communication mode to standby mode.

The stated object can be achieved by a battery level
indicating apparatus for indicating a level of a battery, which
powers a telephone having a communication mode and a
standby mode, as one of a plurality of notification levels, the
battery level indicating apparatus including: a threshold
information storing unit for storing threshold information for
specifying a notification level from a voltage of the battery
during the standby mode; a measuring unit for measuring the
voltage of the battery at intervals each equal to a first period
to produce voltage measurements; a correcting unit for
adding a correction value to each voltage measurement
produced by the measuring unit during the communication
mode to convert the voltage measurements to values equiva-
lent to voltage measurements produced during standby
mode; an average calculating unit for calculating, at inter-
vals each equal to a second period, an average for the voltage
of the battery from a predetermined number of most recent
voltage measurements produced by the measuring unit,
wherein voltage measurements produced during the standby
mode are used without correction and voltage measurements
produced during the communication mode are used having
first been corrected by the correcting unit; a level determin-
ing unit for determining, every time the average calculating
unit calculates the average, a nofification level from the
average 1n accordance with the threshold information; and
an 1ndicating unit for indicating the notification level deter-
mined by the level determining unit to a user of the tele-

phone.

Here, the “predetermined number of most recent voltage
measurements” that are averaged by the average calculating
unit refers to the most recent measured values of the battery
voltage with respect to the point at which the average 1s
calculated.

With the stated construction, the voltage measurements
produced during the communication mode are corrected.
This means that when the predetermined number of voltage
measurements used for calculating the average include both
voltage measurements produced during the communication
mode and voltage measurements produced during the
standby mode, the notification level can still be properly
determined from threshold values that determine voltage
ranges for the standby mode. Correcting voltage measure-
ments 1n this way removes the effects of the relatively low
voltage measurements produced during the communication
mode on the calculated average. This prevents the notifica-
fion level from being determined at an erroneously low
level, and so prevents an erroncously low level from being
displayed to the user.

Here, the indicating unit may display a symbol showing,
the notification level determined by the level determining
unit.

The stated construction prevents an 1nappropriate notifi-
cation level from being shown to the user.

Here, the threshold information may specity a notification
level based on a combination of a temperature of the battery
and the voltage of the battery; the battery level indicating
apparatus may further include a temperature detecting unit
for detecting the temperature of the battery, the correcting
unit may specily the correction value for a present voltage
measurement according to the present voltage measurement
and the temperature detected by the temperature detecting
unit; and the level determining unit may refer to the thresh-
old information and determine the notification level from the
average and the temperature detected by the temperature
detecting unait.
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The stated construction can determine and display the
battery level having taken into account the differences in
discharge characteristics of the battery at different tempera-
tures.

Here, the average calculating unit may calculate the
average at all times except for a predetermined period
following a switch by the telephone from communication

mode to standby mode.

By operating as described above, the battery level indi-
cating apparatus can remove the effects of the recovery
period (see FIG. 2) for the battery voltage following a switch
from communication mode to standby mode.

Here, the indicating unit may indicate the notification
level determined by the level determining unit only when the
determined nofification level 1s equal to or lower than a
notification level that 1s already bemng indicated by the
indicating unit.

The stated construction prevents the battery level indicat-
ing apparatus from giving an unnatural display where the
battery level rises.

The stated object of the present invention can also be
achieved by a battery level indicating apparatus for indicat-
ing a level of a battery, which powers a telephone having a
first mode and a second mode where different levels of
current are drawn from the battery, as one of a plurality of
discrete notification levels, the battery level indicating appa-
ratus including: a threshold information storing unit for
storing threshold information which 1s used for specitying a
notification level from a voltage of the battery during the
first mode; a measuring unit for measuring a voltage of the
battery at intervals each equal to a first period to produce a
voltage measurement; a correcting unit for correcting every
voltage measurement produced by the measuring unit during
the second mode by adding or subtracting a correction value
to convert the voltage measurement to a value equivalent to
a voltage measurement produced during the first mode; an
average calculating unit for calculating, at intervals each
equal to a second period, an average for the voltage of the
battery from a predetermined number of most recent voltage
measurements produced by the measuring unit, wherein
voltage measurements produced during the first mode are
used without correction and voltage measurements produced
during the second mode are used having first been corrected
by the correcting unit; a level determining unit for
determining, every time the average calculating unit calcu-
lates the average, a nofification level from the average 1n
accordance with the threshold information; and an indicating
unit for indicating the nofification level determined by the
level determining unit to a user of the telephone.

With the stated construction, the voltage measurements
produced during the second mode are corrected. This means
that when the predetermined number of voltage measure-
ments used for calculating the average include both voltage
measurements produced during the first mode and voltage
measurements produced during the second mode, the noti-
fication level can still be properly determined from threshold
values that determine voltage ranges for the first mode. This
means that the notification level can be properly determined
following a switch from the second mode to the first mode.

The stated object of the present invention can also be
achieved by a battery level indicating apparatus for indicat-
ing a battery level of a battery, which powers a mobile phone
having a communication mode and a standby mode, as one
of a plurality of notification levels, the battery level indi-
cating apparatus including: a memory for storing (1) a
correction value table associating, for different temperature
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ranges, voltage values obtained during the communication
mode with correction values for converting the voltage
values obtained during the communication mode to values
equivalent to voltage values obtained during the standby
mode, and (2) a level table for specifying a notification level
based on a combination of a temperature of the battery and
the voltage of the battery; a temperature sensor for detecting
the temperature of the battery; a measuring unit for mea-
suring the voltage of the battery at intervals each equal to a
first period to produce voltage measurements; a correcting
unit for referring to the correction value table and specitying,
a correction value for each voltage measurement produced
by the measuring unit during the communication mode
based on the voltage measurement and the temperature
detected by the temperature sensor, and adding the specified
correction value to the voltage measurement; an average
calculating unit for calculating, at intervals each equal to a
second period, an average for the voltage of the battery from
a predetermined number of most recent voltage measure-
ments produced by the measuring unit, wherein voltage
measurements produced during the standby mode are used
without correction and voltage measurements produced dur-
ing the communication mode are used having first been
corrected by the correcting unit; a level determining unit for
referring, every time the average calculating unit calculates
the average, to the level table and determining a notification
level using the calculated average and the temperature
detected by the temperature sensor; and a liquid crystal
display for displaying a symbol that represents the notifica-
tion level determined by the level determining unit.

With the stated construction, the voltage of the battery that
powers a mobile phone 1s measured and measurements made
during the communication mode are corrected. This means
that when voltage measurements used for calculating the
average 1nclude both voltage measurements produced dur-
ing the communication mode and voltage measurements
produced during the standby mode, the notification level can
still be properly determined from threshold values that
determine voltage ranges for the standby mode. Correcting
of voltage measurements 1n this way removes the elfects of
the relatively low voltage measurements produced during
the communication mode on the calculated average. This
prevents the nofification level from being determined at an
erroncously low level, and so prevents an erroneously low
level from being displayed to the user.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
fion thercof taken in conjunction with the accompanying
drawings which illustrate a specific embodiment of the
invention.

In the Drawings:

FIG. 1 shows the threshold values for the sampled value
of the battery voltage that are used for each notification
level;

FIG. 2 shows the battery voltage before and after a mobile
phone switches from communication mode to standby
mode;

FIG. 3 1s a functional block diagram showing a mobile
phone 1000 including a battery level indicator 100 that 1s an
embodiment of the present invention;

FIG. 4 shows the content of the correction value table
stored 1n the correction value table storing unit 150;

FIG. 5 shows the content of the level table stored 1n the
level table storing unit 122;
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FIG. 6 1s a flowchart showing the battery voltage obtain-
ing procedure; and

FIG. 7 1s a flowchart showing the battery level display
procedure.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following describes a battery level indicator hat 1s an

embodiment of the present invention, with reference to the
attached FIGS.

Construction

FIG. 3 1s a functional block diagram showing a mobile
phone 1000 including a battery level indicator 100 that 1s an
embodiment of the present invention.

The mobile phone 1000 performs communication accord-
ing to a time division multiplexing method. When the power
1s on, the mobile phone 1000 operates in either standby
mode or communication mode. As shown in FIG. 3, the
mobile phone 1000 includes transmission/reception circuitry
200, a mode control unit 300, a battery 10, and a battery
level indicator 100. In the present example, the battery 10 1s

a lithium 1on secondary cell that powers the mobile phone
1000.

The transmission/reception circuitry 200 compresses and
encodes an audio signal inputted via a microphone, subjects
the result to modulation and other processes, and transmits
the resulting radio signals via an antenna. In addition, the
transmission/reception circuitry 200 demodulates radio sig-
nals received via the antenna, performs decoding and other
processes to obtain an audio signal, and outputs this signal
as audio via a speaker.

In accordance with user operations, the mode control unit
300 switches the mobile phone 1000 between standby mode
and communication mode. This function of the mode control
unit 300 1s realized by a microcomputer. The mode control
unit 300 also controls the operation of the transmission/
reception circuitry 200. During communication mode, the
user can hold a telephone conversation using the speaker and
microphone mentioned above.

The battery level indicator 100 includes an LCD 110, a

level determining unit 120, a battery voltage measuring unit
130, a correction unit 140, a correction value table storing
unit 150, and a temperature sensor 160.

The LCD 110 displays a display symbol to show the
present battery level.

The battery voltage measuring unit 130 subjects the
voltage of the battery 10 to A/D conversion and compares
the result with a predetermined reference voltage obtained
using a voltage regulator or the like. The battery voltage 1s
sampled 1n this way every 0.5 seconds and the resulting
value 1s supplied to the correction unit 140. This sampling 1s
performed to an accuracy of 0.01V.

The correction value table storing unit 150 1s a memory
region that stores a correction value table. This correction
value table 1s described later 1n this specification.

The temperature sensor 160 detects the temperature of the
battery 10.

The correction unit 140 operates as follows. When the
battery voltage 1s sampled by the battery voltage measuring,
unit 130 during communication mode, the correction unit
140 refers to the correction value table stored in the correc-
tion value table storing unit 150 and adds an appropriate
correction value for the temperature value obtained by the
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temperature sensor 160. The correction unit 140 stores the
values for the battery voltage sampled during communica-
fion mode after correcting them 1n this way. Conversely, the
correction unit 140 stores the values for the battery voltage
sampled during and by mode without correcting them. In
this embodiment, the thirty most recent samples of the
battery voltage are stored.

The level determining unit 120 includes an average cal-
culating unit 121, a level table storing unit 122, and a present
level storing unit 123. The level determining unit 120 has the
average calculating unit 121 calculate the average for the
sampled values and determines the notification level based
on the calculated average and the level table. The level

determining unit 120 then has a suitable symbol for the
determined notification level displayed on the LCD 110.

In more detail, the average calculating unmit 121 obtains
thirty samples for the battery voltage that have been pro-
cessed by the correction unit 140 and calculates an average
for these values.

The level table storing unit 122 i1s a memory region that
stores a level table. This level table 1s described in detail

later 1n this specification.

The present level storing unit 123 1s a memory region that
stores the present notification level that 1s being represented

on the LCD 110.

The functions of the level determining unit 120, the
correction unit 140 and the correction value table storing
unit 150 are all realized by a microcomputer that 1s equipped
with a memory. In more detail, the functions of these
clements are realized by the microcomputer executing a
control program stored in the memory, or simply by the
memory 1tself.

Data Construction

The following describes the correction value table stored
in the correction value table storing unit 150 and the level
table stored in the level table storing unit 122.

FIG. 4 shows the content of the correction value table
stored 1n the correction value table storing unit 150.

As shown 1n the drawing, the correction value table
associates ranges of measured values of the battery voltage
with correction values that are provided separately for
different temperature ranges.

As examples, when the temperature is 6° C. or above, the
correction value 0.11V 1s used for measured values of the
battery voltage that are 3.67V or above, while the correction

value 0.12V 1s used for measured values of the battery
voltage that are no less than 3.59V but no greater than 3.61V.

As mentioned above, these correction values are used to
convert values of the battery voltage measured during com-
munication mode to values that are equivalent to volatage
values measured during standby mode. This conversion 1s
performed by adding a correction value to a measured value.
As described later, the notification level 1s determined using,
a level table that does not distinguish between standby mode
and communication mode. As a result, the values of the
battery voltage used to calculate the average need to have
been measured during standby mode or to have been con-
verted to values that are equivalent to voltage values mea-
sured during standby mode. This conversion 1s performed
using the correction values described above.

FIG. 5 shows the content of the level table stored in the
level table storing unit 122.

As shown 1n FIG. §, the level table associates notification
levels with ranges demarcated by threshold values for the
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battery voltage and different temperature ranges. The level
table also shows the display symbol that 1s displayed on the
LCD 110 to indicate each notification level to the user.

Five notification levels numbered 1 to 5 are available.
Notification level 5 represents the highest battery level,
while nofification level 1 shows that the battery level 1s
extremely low. These notification levels are determined
based on discharging characteristics that are standardized for
the battery voltage during standby mode (see FIG. 1).

As examples, when the temperature 1s 6° C. or above,
notification level 5 1s used when the average value of the
battery voltage 1s 3.78V or above, notification level 4 1s used
when the average value of the battery voltage 1s no less than
3.74V but no greater than 3.77V, notification level 3 1s used
when the average value of the battery voltage 1s no less than
3,70V but no greater than 3.73V, nofification level 2 1s used
when the average value of the battery voltage 1s no less than
3.64V but no greater than 3.69V, and notification level 1 1s
used when the average value of the battery voltage 1s 3.63V
or less.

The level determining unit 120 has the following display
symbols displayed on the LCD 110 to inform the user of the
present battery level. Each display symbol 1s shaped like a
battery. When the notification level is five, three blocks are
shown 1nside the battery shape. When the notification level
1s four, two blocks are shown 1nside the battery shape. When
the notification level 1s three, one block 1s shown 1side the
battery shape. When the notification level 1s two, only the
battery shape 1s displayed. When the notification level 1s
one, the display symbol has the same shape as the display
symbol for the notification level two, though the display
symbol flashes on the display.

Operation

The following describes the operation of the battery level
indicator 100 provided in the mobile phone 1000 with the
construction described above. The description splits the
operation 1nto a battery voltage obtaining procedure and a
battery level display procedure.

The battery voltage obtaining procedure 1s described first.

FIG. 6 1s a flowchart showing the battery voltage obtain-
ing procedure.

The battery level indicator 100 repeatedly executes the
procedure shown in FIG. 6 at 0.5-second intervals.

The battery voltage measuring unit 130 measures the
battery voltage of the battery 10 and transfers the measured
battery voltage value to the correction unit 140 (step S501).

On receiwving a measured battery voltage value, the cor-
rection unit 140 asks the mode control unit 300 whether the

mobile phone 1000 1s 1n standby mode or in communication
mode (step S502). When the mobile phone 1000 is in

communication mode, the correction unit 140 adds a cor-
rection value to the measured battery voltage value (step
S503), and stores the corrected battery voltage value in the
memory (step S504).

In more detail, in step S503 the correction unit 140 refers
to the correction value table stored 1n the correction value
table storing unit 150, speciiies the suitable correction value
for the temperature value obtained from the temperature
sensor 160 and the battery voltage value obtained from the
battery voltage measuring unit 130, and adds the specified

correction value to the battery voltage value.

When, 1n step S502, the mode control unit 300 informs the
correction unit 140 that the mobile phone 1000 1s 1n standby
mode, the correction unit 140 skips step S503 and stores the
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battery voltage value received from the battery voltage
measuring unit 130 1n the memory without adding a correc-
tion value (step S504).

Note that the memory used to store the battery voltage
values 1n step S504 1s a memory region that 1s capable of
storing thirty battery voltage values 1n a cyclical manner. As
a result, the thirty most recent battery voltage values are
stored 1n this memory region.

The following describes the battery level display proce-
dure.

FIG. 7 1s a flowchart showing the battery level display
procedure.

The battery level mdicator 100 repeatedly executes the
procedure shown 1n FIG. 7 with intervals of 1.0 seconds to
update the displayed battery level as necessary.

The average calculating unit 121 of the level determining
unit 120 obtains thirty battery voltage values that have been
stored 1n the memory by the correction unit 140 and calcu-
lates an average for these battery voltage values (step S511).

Once the average calculating unit 121 has calculated the
average, the level determining unit 120 refers to the level
table stored 1n the level table storing unit 122 and determines
the appropriate notification level for the calculated average

and the temperature obtained from the temperature sensor
160 (step S512).

After determining the notification level, the level deter-
mining unit 120 compares the determined notification level
with the present notification level stored 1n the present level
storing unit 123 (step S513). When the determined notifi-
cation level 1s lower than the present notification level, the
level determining unit 120 stores the determined notification
level 1n the present level storing unit 123 as the present
notification level (step S514), and displays the appropriate
display symbol for this notification level on the LCD 110
(step S515).

When, 1n step S513, the determined notification level 1s
equal to or higher than the present noftification level, the
level determining unit 120 omits the processing in steps

S514 and S515.

Considerations

The following describes how by operating as described
above, the battery level indicator 100 of the present embodi-
ment overcomes the stated problem of the displayed battery
level decreasing immediately after the mobile phone
switches from communication mode to standby mode.

Assuming that the temperature is 6° C. or above, when, as
shown 1n FIG. 2, the battery voltage 1n communication mode
1s around 3.63V, the correction unit 140 adds the correction
value 0.11V (see FIG. 4) to the battery voltage value
measured by the battery voltage measuring unit 130. As a
result, the battery voltage value used for the comparison 1s
around 3.74V, so that the level 4 1s determined as the
notification level in communication mode (see FIG. §).

If the notification level 1s determined one second, for
example, after the mobile phone 1000 switches to standby
mode, the average for twenty-eight values that are around
3.74V and two values that are around 3.71V will be around
3.74V, so that the level determining unit 120 will determine
that the notification level is level 4 (see FIG. 5).

As described 1n the related art section, the level determi-
nation by a conventional device for the same figures results
in a switch from level 4 to an mappropriate notification level
such as level 2. This means that the battery level indicator
100 solves the problem of the displayed battery level
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decreasing 1nappropriately when a mobile phone switches
from communication mode to standby mode.

Modifications

The battery level indicator of the present invention has
been described by means of the above embodiment, though
it should be obvious that the present invention 1s not limited
to the details given therein. Several modifications are
possible, with representative examples being given below.
(1) The battery level indicator described in the embodiment
displays the battery level of a battery used 1n a mobile phone
that communicates using time-division multiplexing. The
battery level indicator may also be used 1n a mobile phone

that communicates using another method, such as Code-
Division Multiple Access (CDMA), or in a PHS (Personal

Handyphone System) telephone.

The mobile phone of the above embodiment 1s described

as using a lithium 1on rechargeable cell as its battery, though
this 1s not a limitation for the present mvention. Other types
of battery may be used.
(2) The above embodiment states that the battery voltage 1is
sampled at 0.5-second intervals and that the notification
level for the battery 1s determined at 1.0-second intervals,
though neither of these 1s a limitation for the present
invention. However, if the interval between judgements of
the notification levels becomes long relative to the sampling
period during which the battery voltage values are obtained
(described as being the fifteen seconds during which thirty
samples are taken at 0.5-second intervals), the following
problem may occur. A recovery period exists immediately
after the mobile phone switches from communication mode
to standby mode, during which the battery voltage i1s lower
than it is in standby mode (see FIG. 2). The effects of the
battery voltage values measured during this recovery period
can result 1n a shight error in the determination of the
notification level.

Note that the determination of the notification level,

including the calculation of the average battery voltage, may
be omitted for a period, such as fifteen seconds, that follows
the switch from communication mode to standby mode. This
nullifies the effects of the recovery period (see FIG. 2) for
the battery voltage following a switch from communication
mode to standby mode. With the exception of the case where
the mobile phone frequently switches from communication
mode to standby mode, which 1s to say, during normal
operational conditions, this enables the correct battery level
to be displayed.

(3) The above embodiment is described as not updating the
present notification level unless the determined notification
level is lower than the present notification level (see FIG. 7,
step S513). When the battery 1s being recharged, however,
the processing 1n step S514 onwards may be performed with
the judgement 1n step S513 being omitted. When the battery
1s not being recharged, the notification level may be updated
even when the determined notification level 1s higher than
the present notification level. However, this may lead to a
display symbol for a higher battery level being displayed 1n
spite of the battery not being charged.

(4) The above embodiment describes the case where the
battery level 1s judged using a level table that includes sets
of threshold values for battery voltage values measured
during standby mode. As an alternative, the level table may
be composed of threshold values for battery voltage values
measured during communication mode, with the battery
voltage values sampled during standby mode being con-
verted to equivalent values by subtracting correction values.
These converted values are then compared with the values in
the level table to determine the appropriate notification
level.
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(5) In the above embodiment, the battery level indicator has
a display symbol displayed on the LCD 110 to inform the
user of the battery level. However, the battery level may be
displayed using LEDs (light emitting diodes) or any other
kind of display apparatus. Also, instead of displaying a
symbol, the battery level indicator may inform the user of
the battery level by another means, such as by outputting a
sound or vibrating the case of the mobile phone. When the
battery level 1s indicated through sound output, different
battery levels can be indicated using different volumes or
different pitches. In other words, the battery level indicator
of the present invention can use any method that informs the
user, through the user’s five senses, of the determined
notification level of the battery.

Although the present invention has been fully described
by way of examples with reference to accompanying
drawings, it 1s to be noted that various changes and modi-
fications will be apparent to those skilled i the art.
Therefore, unless such changes and modifications depart
from the scope of the present invention, they should be
construed as being included therein.

What 1s claimed 1s:

1. A battery level indicating apparatus for indicating a
level of a battery, which powers a telephone having a
communication mode and a standby mode, as one of a
plurality of notification levels, the battery level indicating
apparatus comprising:

threshold information storing means for storing threshold

information for specifying a notification level from a
voltage of the battery during the standby mode;

measuring means for measuring the voltage of the battery
at mtervals each equal to a first period to produce
voltage measurements;

correcting means for adding a correction value to each
voltage measurement produced by the measuring
means during the communication mode to convert the
voltage measurements to values equivalent to voltage
measurements produced during standby mode;

average calculating means for calculating, at intervals
cach equal to a second period, an average for the
voltage of the battery from a predetermined number of
most recent voltage measurements produced by the
measuring means, wherein voltage measurements pro-
duced during the standby mode are used without cor-
rection and voltage measurements produced during the
communication mode are used having first been cor-
rected by the correcting means;

level determining means for determining, every time the
average calculating means calculates the average, a
notification level from the average 1n accordance with
the threshold information; and

indicating means for indicating the noftification level
determined by the level determining means to a user of
the telephone.
2. A battery level indicating apparatus in accordance with
claim 1,

wherein the indicating means displays a symbol showing
the notification level determined by the level determin-
Ing means.
3. A battery level indicating apparatus 1n accordance with
claim 2,

wherein the threshold information specifies a notification
level based on a combination of a temperature of the
battery and the voltage of the battery;

the battery level indicating apparatus further comprising,
temperature detecting means for detecting the tempera-
ture of the battery,
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wheremn the correcting means speciiies the correction
value for a present voltage measurement according to
the present voltage measurement and the temperature
detected by the temperature detecting means; and

the level determining means refers to the threshold infor-
mation and determines the notification level from the
average and the temperature detected by the tempera-
ture detecting means.
4. A battery level indicating apparatus 1n accordance with
claim 3,

wherein the average calculating means calculates the
average at all times except for a predetermined period
following a switch by the telephone from communica-
tion mode to standby mode.
5. A battery level indicating apparatus 1n accordance with
claim 4,

wherein the indicating means displays a symbol showing
the notification level determined by the level determin-
ing means only when the determined notification level
1s equal to or lower than a notification level represented
by the symbol that 1s already being displayed by the
indicating means.

6. A battery level indicating apparatus 1n accordance with

claim 1,

wheremn the average calculating means calculates the
average at all imes except for a predetermined period
following a switch by the telephone from communica-
tion mode to standby mode.
7. Abattery level indicating apparatus in accordance with
claim 1,

wherein the indicating means indicates the notification
level determined by the level determining means only
when the determined nofification level 1s equal to or
lower than a nofification level that 1s already being
indicated by the indicating means.

8. A battery level indicating apparatus for indicating a
level of a battery, which powers a telephone having a first
mode and a second mode where different levels of current
are drawn from the battery, as one of a plurality of discrete
notification levels, the battery level indicating apparatus
comprising:

threshold information storing means for storing threshold

information which 1s used for specifying a notification
level from a voltage of the battery during the first mode;

measuring means for measuring a voltage of the battery at
intervals each equal to a first period to produce a
voltage measurement;

correcting means for correcting every voltage measure-
ment produced by the measuring means during the
second mode by adding or subtracting a correction
value to convert the voltage measurement to a value
equivalent to a voltage measurement produced during
the first mode;

average calculating means for calculating, at intervals
cach equal to a second period, an average for the
voltage of the battery from a predetermined number of
most recent voltage measurements produced by the
measuring means, wherein voltage measurements pro-
duced during the first mode are used without correction
and voltage measurements produced during the second
mode are used having first been corrected by the
correcting means;

level determining means for determining, every time the
average calculating means calculates the average, a
notification level from the average in accordance with
the threshold information; and
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indicating means for indicating the notification level
determined by the level determining means to a user of
the telephone.

9. A battery level indicating apparatus 1n accordance with
claim 8, wherein the indicating means displays a symbol
showing the nofification level determined by the level deter-
mining means.

10. A battery level idicating apparatus 1n accordance
with claim 8,

wherein the threshold information specifies a notification
level based on a combination of a temperature of the
battery and the voltage of the battery;

the battery level indicating apparatus further comprising
temperature detecting means for detecting the tempera-
ture of the battery,

wherein the correcting means speciiies the correction
value to be added to or subftracted from a voltage
measurement produced during the second mode
according to (1) the present voltage measurement and
(2) the temperature detected by the temperature detect-
Ing means; and

the level determining means refers to the threshold infor-
mation and determines the notification level from the
average and the temperature detected by the tempera-
ture detecting means.

11. A battery level indicating apparatus in accordance

with claim 8,

wherein the indicating means displays the notification
level determined by the level determining means only
when the determined nofification level 1s equal to or
lower than a notification level that 1s already being
displayed by the indicating means.

12. A battery level indicating apparatus for indicating a
battery level of a battery, which powers a mobile phone
having a communication mode and a standby mode, as one
of a plurality of notification levels, the battery level indi-
cating apparatus comprising;:

a memory for storing

(1) a correction value table associating, for different
temperature ranges, voltage values obtained during
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the communication mode with correction values for
converting the voltage values obtained during the
communication mode to values equivalent to voltage
values obtained during the standby mode, and

(2) a level table for specifying a notification level based
on a combination of a temperature of the battery and
the voltage of the battery;

a temperature sensor for detecting the temperature of the
battery;

measuring means for measuring the voltage of the battery
at 1ntervals each equal to a first period to produce
voltage measurements;

correcting means for referring to the correction value
table and specitying a correction value for each voltage
measurement produced by the measuring means during
the communication mode based on the voltage mea-
surement and the temperature detected by the tempera-
ture sensor, and adding the specified correction value to
the voltage measurement;

average calculating means for calculating, at intervals
cach equal to a second period, an average for the
voltage of the battery from a predetermined number of
most recent voltage measurements produced by the
measuring means, wherein voltage measurements pro-
duced during the standby mode are used without cor-
rection and voltage measurements produced during the
communication mode are used having first been cor-
rected by the correcting means;

level determining means for referring, every time the

average calculating means calculates the average, to the
level table and determining a nofification level using
the calculated average and the temperature detected by
the temperature sensor; and

a liquid crystal display for displaying a symbol that
represents the notification level determined by the level
determining means.
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